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Purpose: Determine thickness and magnetization
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𝑛𝜆 = 2𝑑 sin 𝜃



Interference from layers of varying thickness
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𝑄 ≡
4𝜋 sin 𝜃
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𝜌 = 𝜌𝑛𝑢𝑐𝑙𝑒𝑎𝑟 ± 𝜌magnetic

𝑀 ∝ 𝜌magnetic 

Thickness of 
repeated feature

Order number of 
repeated feature



M//
No spin flip
Tells about ρnuclear

M|
Spin flip
Tells about
ρmagnetic

Mnet

Top View of wafer

180o

90o

270o

0o

𝐻



Experiment
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• Rotated the sample and detector angle in magnetic fields of 20 mT 
and 0.5 mT 

• Detector measured the intensity of the reflected neutrons as a 
function of sample angle over time 
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Experimental 
Data at High Field
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Actual High Field Result
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Best Model at Low Field

Scattering
Length 
Density

x 10 -6 

(A -2)

depth (A)

Magnetization
Angle

(o)



Best Fit at 
Low Field A

B



Unit cell 1
Unit cell 2
Unit cell 3
Unit cell 4

0o

𝐻

NFC1

CoFe1

NFC2

CoFe2

NFC3

CoFe3

NFC4

CoFe4

NFC seed

Expected Low Field Result



0o

𝐻

θseparation= 141o

NFC3

CoFe3

NFC4

CoFe4

θM  angles are measured relative to H field

NFC seed NFC1

CoFe1

NFC2

CoFe2

θseparation = 88o θseparation = 108o θseparation = 143o

Unit cell 1
Unit cell 2
Unit cell 3
Unit cell 4

Actual Low Field Result 



Continuing Work



Why aren’t the magnetic layers coupling anti-ferro-magnetically 
at low field?
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